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Abstract: A field study of the small mammal assemblages of an urban micropopulation in the city of Košice (New Jewish Cemetery,
48°41′34.1″N, 21°15′17.8″E, 218 m a.s.l., Slovakia) was carried out. On 20 October 2015, during fieldwork, one unusually colored
individual of the black-striped field mouse (Apodemus agrarius) was recorded. According to the findings, the observed individual (a
subadult female) meets the criteria of flavism. The dorsal fur, with or without a very unimpressive black stripe, was yellow (or beige); the
auricle, feet, and tail were light; and the coloration on the belly was white. This finding is important not only in terms of color anomalies,
but also in terms of genetics. The specimen was preserved in 96% benzyl alcohol and was deposited in the collections of the East Slovak
Museum in Košice (collection number: Z-18343-V and Z-2016/00001).
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Several authors (Caro, 2005; Imes et al., 2006; Čanády
et al., 2008; Łopucki and Mróz, 2010; McCardle, 2012;
Nedyalkov et al., 2014; Čanády, 2015) have shown that
mammalian coloration is most often the effect of the
presence or absence of melanin pigment in the cortex
and medulla of the hair, the epidermis of the skin, and the
iris of the eyes. Mammals show gradual variation in color
across populations, whereas some populations exhibit
discontinuous variations and are either white or black
(Caro, 2005). The most common abnormality in mammals
is albinism, less likely is melanism, and the least likely
is flavism—a type of hypochromatism where affected
individuals have yellow hair (Štusák, 1987).
Previous studies (Čanády et al., 2008; Čanády,
2015) have shown that among rodents, several genera
contain several species whose color anomalies have been
described in studies from several countries (e.g., Łopucki
and Mróz, 2010; McCardle, 2012; Steen and Sonerud,
2012; Łopucki et al., 2013), including the Czech Republic.
For instance, records of flavistic specimens have been
reported in Apodemus flavicollis (Hanák, 1957) and A.
sylvaticus (Štusák, 1987). Flavism has also been recorded
in Clethrionomys (Myodes) glareolus (Literák and Zejda,
1995), the house mouse Mus musculus (Hanák, 1957), and
the steppe mouse Mus spicilegus (Čanády et al., 2008).
In this paper, data on flavism of the black-striped field
mouse (Apodemus agrarius) in Slovakia are presented
for the first time. These data contribute to the overall
* Correspondence: alexander.canady@upjs.sk

knowledge about the occurrence of anomalous coloration
in the species.
An unusually colored individual of black-striped
field mouse was captured during research of small
mammal assemblages in the urban environment of the
city of Košice (New Jewish Cemetery, 48°41′34.1″N,
21°15′17.8″E, 218 m a.s.l., Slovakia). The observation
site is a small green area in a strongly anthropogenically
altered environment, about 30 ha in size and with the
character of a park. Moreover, the observed area is
located in the southern part of the city and gradually
passes through gardens or, more precisely, through less
populated parts of the city towards open field habitats
(Figure 1).
Small terrestrial mammal samplings were conducted
using a common theriological technique with live traps
(Anděra and Horáček, 2005). In all, 25 live traps were
placed in a line (25 catching points at 5 m of distance) and
baited with sunflower seeds and meat granules for dogs.
The traps were checked at 24-h intervals (every morning)
and exposed for 4–5 nights. Trapped individuals were
marked and released at the site of capture, and only dead
animals were processed in the laboratory. Samplings were
performed from July to October 2015. Altogether, 875
traps were placed. On 20 October 2015, one unusually
colored individual of the genus Apodemus was found dead
in a trap and was thus further evaluated. The mouse was
identified by species and then weighed to an accuracy of
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Figure 1. Location of coloration anomalies of black-striped mouse (Apodemus agrarius)
trapped in the New Jewish Cemetery of Košice City, Slovakia. (Source: ©2015 Google,
Image ©2015 CNES/Astrium).

0.1 g (body weight, W). The head-and-body length (HBL),
tail length (TL), hind foot length (HFL), and ear length
(EL) were measured using sliding calipers to an accuracy
of 0.01 mm. The animal’s age and sex were recorded under
dissection and judged based on the status of the sex organs.
The specimen was preserved in 96% benzyl alcohol and
deposited in the collections of the East Slovak Museum,
Košice (collection number: Z-18343-V and Z-2016/
00001).
Determination by morphological traits and subsequent
dissection confirmed that the trapped mouse was a subadult
female black-striped field mouse. The individual was
characterized by the following biometrical measurements:
W – 12.00 g, HBL – 86.00 mm, TL – 62.00 mm, HFL –
18.00 mm, and EL – 13.00 mm. According to the findings,
the observed individual meets the criteria of flavism. The
dorsal fur, without or with a very unimpressive black
stripe, was yellow (or beige); the auricle, feet, and tail were
light; and coloration on the belly was white (Figure 2). The
specimen was one of 48 individuals of A. agrarius (2.1%)
caught between July and October 2015.
This record is the first observed hypomelanistic
individual of A. agrarius in Slovakia. Nevertheless,
according to the available literature, the observation of
an anomalously colored specimen of A. agrarius (with a
light beige and brown stripe on the back) was reported
by Andrzejewski and Bednarz (1996). This specimen was
trapped in 1960 in the vicinity of Dziekanowa Leśnego,
Poland. Both these findings are important not only in
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terms of color anomalies, but also in terms of genetics. The
captured individuals suggest that, in these populations,
mutations in the Tyr genes, which are responsible for
the production of melanin, are maintained (Barsh, 2001;
Oetting et al., 2003; Blaszczyk et al., 2005, 2007). Moreover,
the female mentioned in this study was descended from
parents carrying an anomaly in the relevant gene. At the
same time, she had to be in a litter with other siblings, and
thus the presence of other anomalously colored individuals
or obligate carriers of genes in the population cannot be
completely excluded. Similarly, several findings of colored
anomalies (e.g., Husson, 1954; Hanák, 1957; Green, 1977;
Štusák, 1987; Ciechanowski, 2002) were confirmed for
other species of the genus Apodemus. Łopucki and Mróz
(2010), who summarized several data with anomalies
of coloration among rodents in Poland, showed that the
majority of cases were recorded in habitats with various
degrees of isolation by suboptimal or unfavorable habitats.
This confirms the hypothesis regarding the influence of
environmental conditions on the incidence of recessive
alleles in populations of ground-dwelling small mammals
(Łopucki and Mróz, 2010). Therefore, the observation
from Slovakia was in accordance with the mentioned
findings, since the trapped mouse originated from a small
green urban area. Nevertheless, several studies confirmed
that the individuals of A. agrarius can move more than
1000 m (Liro and Szacki, 1987; Szacki and Liro, 1991).
This mobility of individuals, together with the fact that
the observed area gradually passes through less populated
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Figure 2. Anomalously colored (flavism) female of the black-striped field mouse (Apodemus agrarius) trapped in the
New Jewish Cemetery of Košice City, Slovakia. (a) Dorsal and (b) ventral view. Photos by the author.

parts of the city towards open field habitats, can provide
gene flow and reduce inbreeding. This is a very important
fact, because the frequency of recessive alleles may increase
and the probability of their expression will be higher in an
isolated and inbred population than in a normal outbred
population (Bensch et al., 2000). Similarly, Łopucki and
Mróz (2010) suggested that changes in the genetic structure
of small mammal populations, leading to the revealing of
recessive genetic traits such as pigmentation anomalies,
can serve as an indicator of environmental changes.
Genetically inherited recessive traits, such as coloration

anomalies, can indicate current or past bottleneck and
inbreeding in a population.
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